Process for Polymerization of a -olefin 



FIELD OF THE INVENTION 

The present invention relates to a gas phase polymerization 
process of polyolef in, and more specifically to a transferring 
method of polymer particles between reactors. 

BACKGROUND OF THE INVENTION 

Agas phase polymerization process of polyolef in is usually 
conducted by a plurality of polymerization reactors which are 
serially and continuously connected, and polymer particles, that 
have polymerized and grown in a reactor are then sequentially 
transferred to the next reactor as the polymerization proceeds, 
and finally particles having a uniform degree of polymerization 
are produced. As such a plurality of serially succeeding 
polymerization reactors, those consisting of gas phase 
polymerization reactors over the entire process, as well as those 
consisting of the first half of the process of the solvent 
polymerization method or bulk polymerization method using 
stirred tank reactors, or bulk polymerization method using loop 
reactors and the second half of the process using gas phase 
polymerization reactors have been known. 

In a gas phase polymerization reactor, reactive olefin 
gas is circulated and forming a fluidized bed with polymer 
particles, since the circulating gas is carrying fine polymer 



particles/ the circulating gas is usually circulated after the 
fine polymer particles are separated the circulating gas by a 
cyclone disposed in the upper part of the reactor. However, 
the polymer fine particles may stay in the separating cyclone 
to agglomerate or come with the circulating gas into the 
circulating gas line and adhere to the inside of the piping, 
or stay on the inner surface of the heat exchanger to cause a 
clogging, or cause a clogging of the fluidization grid of the 
reactor. Once clogging occurs, it is necessary to stop the 
polymerization, dismount the circulating gas line and the like 
and remove the polymer clogging therein, resulting into the 
reduction in production amount and stopping of the reaction, 
and consequently, it is difficult to operate stably 
polymerization for a long time. 

As an attempt to avoid such problems, Japanese Patent No, 
JP 8-169915A (1996) discloses a cleaning method of adhered 
particles by sonic cleaning. However, it required enormous 
facilities to install sonic cleaners for every region where the 
fine particles of polymer coming with the circulating gas adhere . 
Japanese Patent Application No. JP 11-246608A (1999) discloses 
a method for preventing polymer powder from depositing in a 
circulating gas line by feeding a catalyst poison to the line, 
however, this method also caused another problem that, since 
the circulating gas containing the catalyst poison is fed 



continuously into the reactor, the circulating gas hindered the 
progress of the reaction. In addition, Japanese Patent 
Application No.JP 10-279612A(1998) discloses a method of 
reducing the amount of fine polymer particles coming with the 
circulating gas by designing the height of the fluidized bed 
as almost the same as the height of the polymerization reactor. 
However, in a multi stage polymerization, since the retention 
time, which is an important factor for determining the 
polymerization amount in the each reactor, is determined by the 
height of the fluidized bed, there was a problem that control 
of polymerization ratio of each reactor for controlling physical 
properties was restricted. 

SUMMARY OF THE INVENTION 

In view of the above situation, it is an object of the 
present invention to provide a polyolef in polymerization method 
which prevents fine particles of polymer from scattering from 
a fluidized bed in a gas phase polymerization reactor. 

That is, the present invention provides a process for 
polymerization of a -olefin in multi-stage polymerization 
process and in at least two serially polymerization reactors 
including a gas phase polymerization reactor, the process 
comprising; 

drawing out polyolef in particles from a polymerization reactor, 
and 
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transferring the polyolefin particles into the interior of 
f luidized bed of a gas phase polymerization reactor of the next 
stage, and into lower than a half of height from the bottom to 
the surface of the f luidized bed. 
BRIEF DESCRIPTION OF THE DRAWING 
Fig. 1 

A view showing a process of the third gas phase 
polymerization reactor in Example 1. 

Explanation of reference numerals 

1 Third gas phase polymerization reactor 

2 Fluidized bed 

3 Fluidization grid 

4 Heat exchanger 

5 Raw gas supply line 

6 Gas circulating line 

7 Line for drawing out to next step 

8a Transferring pipe leading from second gas phase 
polymerization reactor (previous stage) to over fluidized bed 
in third gas phase polymerization reactor 
8b Transferring pipe leading from second gas phase 
polymerization reactor (previous stage) to interior of fluidized 
bed in third gas phase polymerization reactor (next stage) 

9 Circulating gas compressor 

10 Surface of fluidized bed 
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11 Stirrer 

12 Separating cyclone 



DETAILED DESCRIPTION OF THE PRESENT INVENTION 

In the following, the present invention will be described 
in detail by exemplifying polymerization of polypropylene. 

The present invention is a process for polymerization of 
a -olefin in a polyolefin polymerization process in at least 
two serially arranged polymerization reactors including a gas 
phase polymerization reactor, a multi stage polymerization is 
conducted in such a manner that polyolefin polymer particles 
are drawn out from a polymerization reactor of the previous stage 
and fed into the interior of fluidized bed of a gas phase 
polymerization reactor of the next stage. 

The reaction of the polymerization in the previous stage 
may be employed any reaction such as the solvent polymerization 
reaction, the bulk polymerization reaction and the gas phase 
polymerization reaction, and the gas phase polymerization 
reaction is preferable . The type of the polymerization reactor 
may include any of the stirring blade tank type, loop type, vapor 
fluidized bed type and the like, and the polymerization reaction 
of the vapor fluidized bed type may include various types of 
reactors having fluidized bed such as a vapor fluidized bed 
reactor not having a stirrer and performing stirring with air 
flow, and a stirring fluidized bed type reactor using a stirrer 



together with stirring with air flow. 

Polymer particles that have been drawn out from the 
polymerization reactor of the previous stage are then transferred 
into the interior of f luidized bed of the gas phase polymerization 
reactor of the next stage . Further, polymer particles that have 
been drawn out from the polymerization reactor of the previous 
stage are transferred into lower than a half of height from the 
bottom to the surface of the fluidized bed of the gas phase 
polymerization reactor of the next stage. These allow the 
transferred polymer particles to sufficiently stay in the 
fluidized bed, so that it is possible to prevent the fine polymer 
particles from coming with the circulating gas, from staying 
and agglomerating in the gas separation cyclone, from adhering 
to the interior of the piping due to coming with the circulating 
gas line, as well as from staying and clogging to the inner surface 
of the heat exchanger, from clogging of the fluidization grid 
and so on. 

In the present invention, the term w f luidized bed" refers 
to a layer which maintains such a condition that solid particles 
are held by a fluid, and a group of particles forms a thick phase, 
and the weight of the particles balances with the drag of the 
fluid acting on the particles. That is, a fluidized bed refers 
to the region where particles do not come with a circulating 
gas. Hereinafter, the region where particles come with a 
circulating gas is often called as a gas phase region. 



The interior of the f luidized bed of the present invention 
into which the drawn out polymer particles are transferred is 
in the fluidized bed from the boundary plane between the above 
fluidized bed and the gas phase part, and its position from the 
wall surface of the gas phase polymerization reactor is not 
particularly limited- From the view that the polymer particles 
can be always transferred to the interior of fluidized bed even 
when the position of the boundary plane changes more or less, 
the hight into which the drawn out polymer particles are 
transferred is a half height from the bottom to the surface of 
the fluidized bed, preferably lower than one-third height, more 
preferably lower than one-fourth height, and further preferably 
lower than one-fifth height; The surface of the fluidized bed 
means the boundary plane between the fluidized bed and the gas 
phase part . The bottom of the fluidized bed is usually regarded 
as a fluidization grid. 

If the boundary plane changes more or less, the surface of the 
fluidized bed is regarded as the lowest level of the boundary. 

Examples of transferring means between polymerization 
reactors include, but not limited to, a method wherein 
transferring pipe is provided between reactors and continuous 
transferring is conducted by using the pressure gradient between 
the polymerization reactors , a method wherein a valve is provided 
on the pipe and intermittent transferring is conducted by opening 
and closing the valve every certain time, and a method wherein 
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intermittent transferring is conducted by pressurizing again 
with a monomer gas and the like after drawing out to a purge 
tank. Among above methods, the intermittent transfer is 
preferable, and a method wherein a valve is provided on the pipe 
and intermittent trans f err ing is conductedby opening and closing 
the valve every certain time is more preferable* 

In transferring to the interior of f luidized bed of the 
gas phase polymerization tank of the next stage, it is 
conventionally to transfer to a position higher than the 
fluidized bed from the viewpoint that the polymer particles 
forming the fluidized bed will flow back to the transferring 
pipe. For implementing the present invention in which polymer 
particles is transferred into the interior of fluidized bed, 
it is preferable to prevent the polymer particles from flowing 
back by the method such as purging with a monomer gas. 

The present invention can be conducted under usual 
conditions of a -olefin polymerization. Besides 
homo-polymerization of propylene, the present invention is 
effective for block co-polymerization of propylene-ethylene, 
random co-polymerization of propylene-ethylene, 
co-polymerization of propylene-butene, ter-polymerization of 
propylene-ethylene-butene, production of linear low-density 
polyethylene or the like. 

As the monomer and comonomer, a -olefins having 2 to 8 
carbons are used. For example, the monomer may include ethylene, 
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propylene and the like, and the comonomer may include ethylene, 
propylene, 1-butene, hexene, and the like. The polymerization 
temperature should be the melting point of the generated polymer 
or less, and is, for example, in the range of about 30 to about 
150 °C, and preferably in the range of about 60 to about 90 °C, 
and the pressure is, for example, in the range of about 0.5 to 
about 6 MPaG, and preferably in the range of about 1 to about 
3 MPaG. 

As the catalyst component, titanium-containing solids and 
organic aluminum compounds can be used as the catalyst. As the 
titanium-containing solid catalyst component, titanium 
tetrachloride, titanium tetrabromide, ethoxytitanium 
trichloride, butoxytitanium trichloride and the like are 
exemplified. Titanium tetrachloride is preferably used. 

As the organic aluminum compound, trialkyl aluminums such 
as trimethyl aluminum, triethyl aluminum, triisobutyl aluminum 
and trihexyl aluminum, alkyl aiuminum halides such as diethyl 
aluminum chloride, diisobutyl aluminum chloride and ethyl 
aluminum sesquichloride, aluminum alkoxides such as diethyl 
aluminum ethoxide and diethyl aluminum butoxide, and mixtures 
thereof can be used, 

EXAMPLE 

A example will now be made with reference to Fig. 1 which 
shows an example of co-polymerization of propylene-ethylene. 



It is to be noted that the present invention is not limited to 
this Example. 

Example 1 

An experiment was conducted us ing a polypropylene gas phase 
polymerization process consisting of a first gas phase 
polymerization reactor, a second gas phase polymerization 
reactor and a third gas phase polymerization reactor. Fig- 1 
shows a process of the third gas phase polymerization reactor. 
The reference numeral 8a represents pipe for transferring the 
polymer particles drawn out from the previous stage (second gas 
phase polymerization reactor) to over the fluidized bed (a gas 
phase region) of the third gas phase polymerization reactor, 
and the reference numeral 8b represents pipe for transferring 
the polymer particles drawn out from the previous stage (second 
gas phase polymerization reactor) to the interior of the 
fluidized bed of the third gas phase polymerization reactor. 
The third gas phase polymerization reactor has an inside diameter 
of 3500 mm, and the pipe 8a and the pipe 8b are placed so as 
to transfer the polymer particles into the position at a height 
of 12000 mm from the fluidization grid in the gas phase region 
on the fluidized bed, and into the position at a height of 650 
mm in the interior of the fluidized bed, respectively ♦ 

The transferring method of polymer particles between 
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polymerization reactors in the present experiment was conducted 
in the manner of using transferring pipe arranged between the 
reactors , providing a valve in the pipe and opening/closing the 
Valve every certain time, and achieving intermittent 
transferring by the pressure gradient between the polymerization 
reactors. For achieving the above, in order to prevent the 
polymer forming fluidized bed of the third gas phase 
polymerization tank from flowing back into the transferring pipe 
when the valve is closed, the pipe 8b for transferring into the 
interior of the fluidized bed is provided with a line for purging 
with' the gas through a line branching from the outlet of a 
circulating gas compressor of the third gas phase polymerization 
tank . 

Polymerization was performed for each of Grade A (melt 
index: 3-2 [g/lOmin] , ethylene content : 8[wt%]) andGradeB (melt 
index: 16 [g/lOmin] , ethylene content: 7 [wt%] ) , andfor each case, 
the amount of fine powder of scattering polymer separated by 
a separating cyclone 12 disposed in a circulating gas line 6 
of the third gas phase polymerization reactor was measured. A 
surface 10 of the fluidized bed at this time was about 4000 mm 
in height from a fluidization grid 3- The measurement results 
are shown in Table 1, These results show that by transferring 
the polymer particles to the interior of the fluidized bed, it 
is possible to reduce the amount of fine powder of the polymer 
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particles scattering from the third gas phase fluidized bed 
reactor to from 1/5 to 1/10 compared to the case where the polymer 
particles are transferred into the gas phase part. 



[Table 1] 



Grade 


Gas amount 
(Nm 3 /hr) 


Transferring 
destination 


Amount of 
scattered fine 
jjowder (kg/hr) 


A 


9300 


Over fluidized bed 


3.0 


Interior fluidized 
bed 


0.58 


B 


9300 


Over fluidized bed 


2.0 


Interior fluidized 
bed 


0.2 



In a multi-stage polyolefin polymerization process , by 
a method of transferring polyolefin polymer particles from a 
polymerization reactor of the previous stage to the interior 
of fluidized bed of a gas phase polymerization reactor of the 
next stage, it is possible to provide a polyolefin polymerization 
method capable of preventing polymer fine particles from 
scattering from the fluidized bed in the gas phase polymerization 
reactor. 
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